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ABSTRACT 
 
         This study is concerned with the axle loads in Sudan, 
which is one of the important factors in highway and bridge 
design. Also it can be the starting point to perform a scientific 
research that lead to the Sudanese standard specifications for 
loads on highway bridges. 
 Most bridges in Sudan are designed according to B.S 
standards. 
 During the last few years, heavy trucks with multi-axles 
have  entered Sudan and produced serious damages in highways. 
The National Highway Authority issued a law that restricts both 
axle and gross weights in Sudan for all truck categories, which 
are classified according to their axle arrangements. A permit to 
exceed the gross weight limitation 15% for limited duration for 
economical reasons is on the way. This study was carried during 
this period. In this study, loaded trucks are selected from every 
truck category and axles are weighted individually to determine 
the axle load for every selected truck. The sum of axles loads 
was compared with the gross weight and the portion of the gross 
weight that carried by each axle was evaluated. According to 
this ratio, the gross weight of each truck that passed Portsudan- 
Khartoum road in December 2002 had been recorded and 
distributed over the axles. 
 Trucks with greatest gross weights that used Portsudan-
Khartoum road in that month are selected for all truck 
categories. The load from these trucks were used in the analysis 
of a simple support bridge with different span lengths and 
girders spacing. The maximum bending moments and shear 
forces are calculated on the girders and compared with HA and 
HB loads. 
From the analysis of the data that are collected the 
allowable gross weights that are recommended by NHA are 
smaller than that required to satisfy the allowable axle loads. HB 
30 units is the design live load for most highway bridges in 
Sudan. From the results this load give a safe design, for simple 
supported bridges with girders, only when girder spacing equal 
1.25m. Truck shown in Fig. (4.23) give the most maximum 
stresses in the simple supported beams with different span 
lengths and girders spacing thus the author recommend this type 
to be the Sudanese design truck for highway bridges.  
In the future, the same study can be extend after 2004 
when there will not be any permission in the allowable gross 
weights. Also future studies can be carried out by collecting 
more data and by using standards other than B.S 5400 on 
continues highway bridges.  
  
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 ﻣﻠﺨﺺ اﻟﺒﺤﺚ
 
ﻤﻭﺠﻭﺩﺓ ﺤﺎﻟﻴﺎ ﻓﻰ ﺍﻟﺴﻭﺩﺍﻥ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﺘﻬﺘﻡ ﺒﺎﻻﺤﻤﺎل ﺍﻟﻤﺤﻭﺭﻴﺔ ﻟﻠﺸﺎﺤﻨﺎﺕ ﺍﻟ 
ﻤﻥ ﺍﻫﻡ ﻋﻭﺍﻤل ﺘﺼﻤﻴﻡ ﺍﻟﻁﺭﻕ ﻭﺍﻟﻜﺒﺎﺭﻯ ﻓﻰ ﺍﻟﺴﻭﺩﺍﻥ ﻭﻫﻰ ﻭﺍﺤﺩﺓ ﺤﻴﺙ ﺍﻨﻬﺎ ﺘﻌﺘﺒﺭ 
ﻤﻭﺍﺼﻔﺎﺕ ﺘﻌﺘﺒﺭ ﻨﻘﻁﺔ ﺒﺩﺍﻴﺔ ﻻﺠﺭﺍﺀ ﺩﺭﺍﺴﺔ ﺸﺎﻤﻠﺔ ﻟﻬﺫﺍ ﺍﻟﻤﻭﻀﻭﻉ ﻟﻠﻭﺼﻭل ﺍﻟﻰ 
  .ﺍﻟﺴﻭﺩﺍﻨﻴﺔ ﻟﺘﺼﻤﻴﻡ ﺍﻟﻜﺒﺎﺭﻯﻗﻴﺎﺴﻴﺔ ﻟﻸﺤﻤﺎل 
 ﺍﻟﺒﺭﻴﻁﺎﻨﻴﺔ  ﺍﻟﻤﻭﺠﻭﺩﺓ ﻓﻰ ﺍﻟﺴﻭﺩﺍﻥ ﻤﺼﻤﻤﺔ ﻋﻠﻰ ﺍﻟﻤﻭﺍﺼﻔﺎﺕﻱ ﺍﻟﻜﺒﺎﺭﻤﻌﻅﻡ 
  . ﻟﺘﺼﻤﻴﻡ ﺍﻟﻜﺒﺎﺭﻯ 
ﻓﻰ ﺨﻼل ﺍﻟﺴﻨﻴﻥ ﺍﻻﺨﻴﺭﺓ ﺩﺨل ﻋﺩﺩ ﻤﻥ ﺍﻟﺸﺎﺤﻨﺎﺕ ﺍﻟﻜﺒﻴﺭﺓ ﺍﻟﻤﺘﻌﺩﺩﺓ ﺍﻟﻤﺤﺎﻭﺭ  
ﺍﻟﻘﺎﺩﺭﺓ ﻋﻠﻰ ﺘﺭﺤﻴل ﺤﻤﻭﻻﺕ ﻜﺒﻴﺭﺓ ﺍﻟﻰ ﺍﻟﺴﻭﺩﺍﻥ ﻤﻤﺎ ﺍﺩﻯ ﺍﻟﻰ ﺤﺩﻭﺙ ﺍﻀﺭﺍﺭ 
ﻗﺎﻤﺕ ﺍﻟﻬﻴﺌﺔ ﺍﻟﻘﻭﻤﻴﺔ ﻟﻠﻁﺭﻕ ﻭﺍﻟﺠﺴﻭﺭ ﺒﺎﺼﺩﺍﺭ  ﻟﺫﻟﻙ ، ﻱﺠﺴﻴﻤﺔ ﻟﻠﻁﺭﻕ ﻭﺍﻟﻜﺒﺎﺭ
ﺤﻭﺭﻴﺔ ﻭﺍﻻﺤﻤﺎل ﺍﻟﻜﻠﻴﺔ ﺍﻟﻤﺴﻤﻭﺡ ﺒﻬﺎ ﻓﻰ ﺍﻟﺴﻭﺩﺍﻥ ﻟﺠﻤﻴﻊ ﻗﺎﻨﻭﻥ ﻴﺤﺩﺩ ﺍﻻﺤﻤﺎل ﺍﻟﻤ
ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﺍﺠﺭﻴﺕ . ﺍﻨﻭﺍﻉ ﺍﻟﺸﺎﺤﻨﺎﺕ ﺍﻟﺘﻰ ﺘﻡ ﺘﻘﺴﻴﻤﻬﺎ ﻋﻠﻰ ﺤﺴﺏ ﺘﻭﺯﻴﻊ ﺍﻟﻤﺤﺎﻭﺭ
 ﺍﻟﻭﺯﻥ ﺍﻟﻤﺴﻤﻭﺡ ﺒﻪ ﻟﻠﺸﺎﺤﻨﺎﺕ ﻓﻲﺯﻴﺎﺩﺓ %  ٥١ﺒﻤﻘﺩﺍﺭ ﻓﻰ ﻅل ﻭﺠﻭﺩ ﺴﻤﺎﺤﻴﺔ 
 ﺸﺎﺤﻨﺎﺕ ﻓﻰ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﺘﻡ ﺍﺨﺘﻴﺎﺭ. ﺘﻼﻓﻴﺎ ﻟﻼﻀﺭﺍﺭ ﺍﻻﻗﺘﺼﺎﺩﻴﺔ ﺍﻟﻤﺼﺎﺤﺒﺔ ﻟﻠﻘﺎﻨﻭﻥ
ﻤﺤﻤﻠﺔ ﺒﺎﻟﺒﻀﺎﺌﻊ ﻤﻥ ﻜل ﻨﻭﻉ ﻤﻥ ﺍﻨﻭﺍﻉ ﺍﻟﺸﺎﺤﻨﺎﺕ ﺤﻴﺙ ﺘﻡ ﻭﺯﻥ ﺍﻟﻤﺤﺎﻭﺭ ﻜل ﻋﻠﻰ 
 ﻤﻘﺎﺭﻨﺔ ﺕﺘﻤ ﻭ.ﺤﺩﺓ ﻟﻤﻌﺭﻓﺔ ﺍﻟﺤﻤﻭﻟﺔ ﺍﻟﻤﺤﻭﺭﻴﺔ ﻟﺠﻤﻴﻊ ﺍﻨﻭﺍﻉ ﺍﻟﺸﺎﺤﻨﺎﺕ ﺍﻟﻤﺨﺘﺎﺭﺓ
 ﺍﻟﻤﺤﻭﺭﻴﺔ ﻤﻊ ﺍﻟﺤﻤﻭﻟﺔ ﺍﻟﻜﻠﻴﺔ ﻟﻤﻌﺭﻓﺔ ﻨﺴﺒﺔ ﺍﻟﺤﻤﻭﻟﺔ ﺍﻟﻜﻠﻴﺔ ﺍﻟﻤﻭﺠﻭﺩﺓ ﻓﻰ ﻜل ﺍﻷﺤﻤﺎل
 ﺤﺴﺎﺏ ﺍﻻﺤﻤﺎل ﺍﻟﻤﺤﻭﺭﻴﺔ ﻟﻠﺸﺎﺤﻨﺎﺕ ﺍﻟﺘﻰ ﺍﻋﺘﻤﺎﺩﺍ ﻋﻠﻰ ﻫﺫﻩ ﺍﻟﻨﺴﺒﺔ ﺘﻡ. ﻤﺤﻭﺭ
  .ﻡ ٢٠٠٢ﺩﻴﺴﻤﺒﺭ ﻤﻥ ﺍﻟﻌﺎﻡ ﺍﻟﺨﺭﻁﻭﻡ ﺨﻼل ﺸﻬﺭ -ﺍﺴﺘﺨﺩﻤﺕ ﻁﺭﻴﻕ ﺒﻭﺭﺘﺴﻭﺩﺍﻥ
-ﺫﺍﺕ ﺍﻗﺼﻰ ﺤﻤﻭﻟﺔ ﻜﻠﻴﺔ ﻋﺒﺭﺕ ﻁﺭﻴﻕ ﺒﻭﺭﺘﺴﻭﺩﺍﻥﺘﻡ ﺍﺨﺘﻴﺎﺭ ﺍﻟﺸﺎﺤﻨﺎﺕ 
ﺍﻟﺨﺭﻁﻭﻡ ﻓﻰ ﺫﻟﻙ ﺍﻟﺸﻬﺭ ﻤﻥ ﻜل ﻨﻭﻉ ﻤﻥ ﺍﻨﻭﺍﻉ ﺍﻟﺸﺎﺤﻨﺎﺕ ﻭﺘﻡ ﺍﺨﺘﺒﺎﺭ ﻫﺫﻩ 
ﺫﺍﺕ ﻋﺎﺭﻀﺎﺕ  ﻭﺫﺍﺕ ﺍﻁﻭﺍل ﻤﺨﺘﻠﻔﺔ ﺒﻬﺎ ﺍﻟﺤﻤﻭﻻﺕ ﻋﻠﻰ ﻜﺒﺎﺭﻯ ﺒﺴﻴﻁﺔ ﺍﻻﺴﻨﺎﺩ
ﻭﻤﻘﺎﺭﻨﺘﻬﺎ ﻤﻊ ﺍﻟﻌﺎﺭﻀﺎﺕ  ﻤﺨﺘﻠﻔﺔ ﻭﺘﻡ ﺤﺴﺎﺏ ﺍﻟﻌﺯﻭﻡ ﻭﻗﻭﻯ ﺍﻟﻘﺹ ﺍﻟﻨﺎﺘﺠﺔ ﻓﻰ ﺃﺒﻌﺎﺩ
  .  BH  ﻭ  AH ﺍﻷﺤﻤﺎل  ﺘﻠﻙ ﺍﻟﻨﺎﺘﺠﺔ ﻋﻥ 
ﻤﻥ ﺨﻼل ﺘﺤﻠﻴل ﺍﻟﻤﻌﻠﻭﻤﺎﺕ ﺍﻟﺘﻲ ﺘﻡ ﺠﻤﻌﻬﺎ ﻭﺠﺩ ﺃﻥ ﺍﻷﺤﻤﺎل ﺍﻟﻜﻠﻴﺔ ﺍﻟﻤﺴﻤﻭﺡ  
ﻕ ﻭﺍﻟﺠﺴﻭﺭ ﺃﻗل ﻤﻥ ﺘﻠﻙ ﺍﻟﺘﻲ  ﺍﻟﻬﻴﺌﺔ ﺍﻟﻘﻭﻤﻴﺔ ﻟﻠﻁﺭﺃﺼﺩﺭﺘﻬﺎﺒﻬﺎ ﻟﻠﺸﺎﺤﻨﺎﺕ ﺍﻟﺘﻲ 
ﻫﻭ ﺍﻟﺤﻤل ﺍﻟﺘﺼﻤﻴﻤﻲ    03 BH ﺍﻟﺤﻤل . ﻘﻕ ﺍﻷﺤﻤﺎل ﺍﻟﻤﺤﻭﺭﻴﺔ ﺍﻟﻤﺴﻤﻭﺡ ﺒﻬﺎﺘﺤ
ﺠﺩ ﺃﻥ ﻫﺫﺍ ﺍﻟﺤﻤل ﺒﺎﻟﻨﺴﺒﺔ ﻟﻌﺎﺭﻀﺔ  ﻓﻲ ﺍﻟﺴﻭﺩﺍﻥ ، ﻤﻥ ﺨﻼل ﺍﻟﻨﺘﺎﺌﺞ ﻨﻟﻤﻌﻅﻡ ﺍﻟﻜﺒﺎﺭﻱ
ﺘﻜﻭﻥ ﺍﻟﻤﺴﺎﻓﺔ ﺒﻴﻥ ﺍﻟﻌﺎﺭﻀﺎﺕ  ﺒﺴﻴﻁ ﻴﻤﻜﻥ ﺘﻁﺒﻴﻘﻪ ﻓﻘﻁ ﻋﻨﺩﻤﺎ ﺇﺴﻨﺎﺩﻤﺴﻨﺩﺓ 
  . ﻤﺘﺭ٥٢,١
 ﺍﻻﻨﺤﻨﺎﺀﻌﺯﻭﻡ  ﻫﻭ ﺼﺎﺤﺏ ﻤﻌﻅﻡ ﺃﻗﺼﻲ ﻗﻴﻡ ﻟ (٣٢-٤) ﻜل ﻲ ﺍﻟﺸﻓﺍﻟﺸﺎﺤﻨﺔ 
ﺍﻷﺒﻌﺎﺩ ﺒﻴﻥ ﺍﻟﻌﺎﺭﻀﺎﺕ ﺫﺍﺕ ﺒﺎﻟﻨﺴﺒﺔ ﻟﻠﻌﺎﺭﻀﺎﺕ ﺫﺍﺕ ﺍﻹﺴﻨﺎﺩ ﺍﻟﺒﺴﻴﻁ  ﻘﺹﻭﻗﻭﻯ ﺍﻟ
ﻟﻴﻜﻭﻥ ﺍﻟﺸﺎﺤﻨﺔ ﺍﻟﺘﺼﻤﻴﻤﻴﺔ  ﺍﻟﻤﺨﺘﻠﻔﺔ ﻟﺫﻟﻙ ﻴﻤﻜﻥ ﺘﺭﺸﻴﺢ ﻫﺫﺍ ﺍﻟﻨﻭﻉ ﻭﺍﻷﻁﻭﺍل
  .ﻟﻠﻜﺒﺎﺭﻱ ﻓﻲ ﺍﻟﺴﻭﺩﺍﻥ
ﺎﻑ ﺩﻤﺎ ﻴﺘﻡ ﺇﻴﻘﻡ ﻋﻨ٤٠٠٢ ﻫﺫﺍ ﺍﻟﺒﺤﺙ ﺒﻌﺩ ﺍﺴﺘﻤﺭﺍﺭل ﻴﻤﻜﻥ ﺒﺘﻘﻓﻲ ﺍﻟﻤﺴ
ﺍﻟﺯﻴﺎﺩﺍﺕ ﺍﻟﺘﻲ ﻭﻀﻌﺕ ﻋﻠﻲ ﺍﻷﺤﻤﺎل ﺍﻟﻜﻠﻴﺔ ﺍﻟﻤﺴﻤﻭﺡ ﺒﻬﺎ ﻟﻠﺸﺎﺤﻨﺎﺕ ﺃﻴﻀﺎﹰ ﻓﻲ 
  ﺒﺤﻭﺙ ﻓﻲ ﻫﺫﺍ ﺍﻟﻤﺠﺎل ﺒﺘﺠﻤﻴﻊ ﻤﻌﻠﻭﻤﺎﺕ ﺒﺼﻭﺭﺓ ﺃﺸﻤل ﻭﺍﻟﻤﺴﺘﻘﺒل ﻴﻤﻜﻥ ﺇﺠﺭﺍﺀ
ﺩﺓ  ﻏﻴﺭ ﻤﺤﺩﻱﻏﻴﺭ ﺍﻟﻤﻭﺍﺼﻔﺎﺕ ﺍﻟﺒﺭﻴﻁﺎﻨﻴﺔ ﻋﻠﻲ ﻜﺒﺎﺭ ﻤﻭﺍﺼﻔﺎﺕ ﺃﺨﺭﻯ ﺒﺎﺴﺘﺨﺩﺍﻡ
  .ﺍﺴﺘﺎﺘﻴﻜﻴﺎﹰ
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 The following symbols are used in this thesis: 
AASHTO American Association of State Highway and Transportation  
Officials 
AREA   American Railway Engineering Association 
ASCE American Society of Civil Engineers 
B.S 5400       British Standard 5400 
C.B.R California Bearing Ratio 
CDF Cumulative Distribution Functions 
E.S.A Equivalent Standard Axle 
ft Feet 
I Impact Factor 
i.e. That is 
IM Dynamic Load Allowance 
in Inch 
IRC Indian Roads Congress 
KEL Knife-edge Load 
kN Kilo Newton 
Lb Pounds 
LRFD Load and Resistance Factor Design 
M Meter 
Mm Millimetre 
N Newton 
NHA   National Highway Authority 
OHBDC Ontario Highway Bridge Design Code 
RC Reinforced Concrete 
U.S.A United State of America 
UDL Uniformly Distributed Load 
WIM Weight-in-Motion 
 
  Other symbols are defined locally when they occur in the text.   
CHAPTER 1 
INTRODUCTION 
1.1   INTRODUCTION 
 Bridge structures, like buildings, must be designed to resist 
various kinds of loads: gravity as well as lateral. Generally, the 
major components of loads acting on highway bridges are dead 
and live loads, environmental loads (temperature, water, wind, 
and earthquake-induced), and other loads, such as those arising 
from braking of vehicles and collision.(5) 
 Gravity loads are caused by the dead-weight of the bridge 
itself, the superimposed dead load, and the live loads, whereas 
the lateral load are caused by environmental phenomena such as 
wind and earthquakes. 
 The major components of live loads acting on highway 
bridges are vehicles, motorcycles, bicycles, equestrians, and 
pedestrians. Modern highway traffic has evolved over a period 
of several years ago. To-days vehicular traffic, which consist of 
various types of vehicles, from motorcycles and small compact 
cars to multi- axle vehicles carry wide loads, has come along 
way from the old days of horse-and-buggy and oxcart traffic. As 
a consequence, the per-wheel load of the vehicles has increased 
from a few hundred pounds to several thousand pounds, and the 
types of vehicles vary from simple two-axle vehicles to multi-
axle trucks with trailers, tractor/semi trailer combinations, and 
longer combinations.(5) 
 Highway loadings are rather complex. At any given time, 
abridge deck may be loaded randomly with vehicles. The effect 
of live load on abridge is a function of several parameters, such 
as the gross vehicle weight, axle load, axle configuration, span 
length, position (longitudinal and transverse) and number of the 
vehicles (multipresence) on the bridge, speed of the vehicles, 
stiffness characteristics of the bridge superstructure, and bridge 
geometry (straight, skewed, or horizontally curved). 
 Highway bridges should be designed to support safety all 
vehicles that might pass over them during the live of the 
structure. To ensure the safety of the structure, some form of 
control must be maintained so that the designer has to provide 
sufficient strength in the structure to carry present and future 
predicted loads. The regulation of vehicles using the bridge has 
to be such that excessive weight vehicles are prohibited from 
crossing the structure. (5) 
    Vehicles in Sudan consist of a combination of 
various components such as trucks, semitrailers, and trailers. 
NHA made restrictions for both axle and gross weights as 
shown in Table (2.7). Data collected from Portsudan and 
Medani, describing the various vehicles with the wide range of 
gross weights moving on the highways, is used to determine the 
axle load in Sudan. Because most bridges in Sudan are designed 
according to British standards the comparison is done only 
between British design load effects (specifically bending 
moments and shear force) and our axle load effects.   
           
1.2   PREVIOUS WORK 
  Countries that have had a well-developed highway system 
for along period of time have their own bridge design 
specifications. Design vehicles for any country should be 
selected very carefully. Bridges should not be damaged as a 
result of normal traffic or an occasional single overload, nor 
should they become obsolete in a few years because of heavier 
vehicles on the highways. In a like manner, the design vehicle 
should not be more severe than the heaviest vehicles that will 
use the structure during its lifetime. Such a situation is wasteful 
of the resources of a country. Mature engineering judgment is 
needed in the selection of proper design loading. 
In the B.S 5400 specifications for bridge design (4), the 
structure and its elements shall be designed to resist the more 
severe effects of either: 
( i ) Design HA loading, or 
( ii ) Design HA loading combined with design HB loading. 
Both loadings include impact. 
Type HA loading consists of a uniformly distributed load 
and a knife-edge load combined, or of a single wheel load. Type 
HB loading consists of standard truck with four axles. 
In the AASHTO 1992 specifications for bridge design (5), 
the design live loads consists of either: 
( i ) Design truck loading, or 
( ii ) Design lane loading, or 
( iii ) Alternate military loading 
Design truck loading: Two systems of loading are provided. The 
H loading and the heavier HS loading. In each case, there are 
two standard classes of loadings, which are designated as 
follows: 
( i ) H 15-44 and H 20-44 
( ii ) HS 15-44 and HS 20-44 
The H loadings consist of a two-axle truck as shown in Fig 
(2.6), the number 15 and 20 in the loading classification refer to 
the gross truck weight in tons (1 ton = 2000 lb). 
The HS loadings consist of a tractor truck with semitrailer 
as shown in Fig. (2.7), the number following the letter “HS” 
indicate the total load in tons carried by the axles of the tractor. 
Design lane loading: Lane loading also has two classes of 
loadings, and in each class two different loadings are provided. 
These loadings are designated in the same manner as the truck 
loading. Design lane load consist of uniformly distributed load 
and a concentrated load as shown in Fig. (2.8).  
Alternate military (or design tandem) loading: The 
alternate bridge loading consist of two axles spaced 4 ft. apart 
with each axle carrying 24 kips. as shown in Fig. (2.9). 
In the AASHTO 1998 specifications for bridge design (1), the 
vehicular live loading on the roadways of bridges or incidental 
structures, designated HL-93, shall consist of a combination of 
the: 
( i ) Design truck or design tandem, and 
( ii ) Design lane load. 
Design truck: The design truck consists of a tractor truck with 
semitrailer as shown in Fig. (2.17).  
Design tandem: The design tandem shall consist of a pair of 
110 000N axles spaced 1200mm apart, the transverse spacing 
of wheels shall be taken as 1800mm.  
Design lane load: The design lane load shall consist of a load 
of 9.3N/mm, uniformly distributed in the longitudinal 
direction. Transversely, the design lane load shall be assumed 
to be uniformly distributed over a 300mm width. 
 In the Indian Roads Congress specifications (IRC) (3), live 
loads are classified to: 
  (I) IRC class “AA” loading: 
 This is to be adopted for bridges located within certain 
specified municipal localities and along specified highways. 
Class “AA” loading comprises a tracked vehicle of 70 tones to 
dimensions and track / axle spacing as shown in Fig. (2.18).   
(II) IRC class  “A” loading: 
 This is adopted on all roads on which permanent bridges 
and Culverts are constructed. It Consists of a wheel load train 
comprising a driving vehicle and two trailers of specified axle 
loadings varying from 2.7 to 11.4 tones and spacing, as shown 
in Fig. (2.19) and is to be considered as one set for each lane. 
(III) IRC class “B” loading:  
 This intended for temporary Structures, timber bridges and 
bridges in specified areas. The vehicle and wheel arrangements 
of class B loading, as shown in Fig. (2.19), with respect to 
spacing and centers are similar to those of class A   but axle 
loads vary from 1.6 to 6.8 tones.  
 
1.3    SCOPE OF THE THESIS 
 The main objective of this research is to have the first step 
towards the Sudan Specifications for highway loads. To get this, 
we must discuss other countries specifications especially the 
British, AASHTO, and precisely Indian Specifications. The 
Committee To Implement the Law of Road Protection and 
Execute the Performance of Load Limitations has made a report, 
which discussed the axle load associated with highway design in 
Sudan. This committee made a traffic survey and account to 
vehicles in Sudan and from this data they delivered a law, which 
restricted both axle and gross weights in Sudan for all truck 
categories that are classified according to their axle 
arrangements. 
  
 
        
 
 
 
CHAPTER TWO 
 LETERATURE REVIEW 
 
2.1    INTRODUCTION 
 Countries that have had a well-developed highway system 
for along period of time have their own bridge design 
specifications, which are a result of several years in collecting 
and analyzing data. We will discuss in this chapter the bridge 
design specifications in Great Britain, U.S.A, India, and a report 
made by the National Highway Authority in Sudan. 
 
2.2   UNITED KINGDOM HIGHWAY LOADS (4) 
 In this country the specifications for bridge design had 
been developed over several years ago, here we will discuss the 
British Standard 5400:                         
 Standard highway loading consists of HA and HB loading. 
Type HA loading is the normal design loading for Great Britain, 
where it represents the effect of normal permitted vehicles other 
than those used for the carriage of abnormal indivisible loads. 
HB loading is an abnormal vehicle unit loading, which derived 
from the nature of exceptional industrial loads (e.g. electrical 
transformers generators, pressure vessels, machine presses, etc) 
likely to use the roads in the area. 
 
2.2.1   LIVE LOAD CLASSIFICATIONS 
 The structure and its elements shall be designed to resist 
the more sever effects of either: 
( i ) Design HA loading, or 
( ii ) Design HA loading combined with design HB loading. 
Both loadings include impact. 
2.2.1.1   TYPE HA LOADING 
       Type HA loading consists of a uniformly distributed 
load and a knife-edge load combined, or of a single wheel load. 
 
2.2.1.1.1 NOMINAL UNIFORMLY DISTRIBUTED LOAD  
      (UDL) 
        The UDL shall be taken as 30kN per linear meter of 
notional lane for loaded lengths up to 30m, in this range the 
loading approximately represents closely spaced vehicles of 24 
ton laden weight in each of two traffic lanes, and for loaded 
lengths in excess of 30m, in this range the spacing is 
progressively increased and medium weight vehicles of 10 ton 
and 5 ton are interspersed, it shall be derived from the equation 
(2.1). 
             W=151 1  0.475     but not less than 9 kN/m.                      
(2.1)                        
                          L 
 
Where  
L is the loaded length (in m), that is the length of the base 
of the               positive or negative portion of the influence 
line for a particular  effect at the design point under 
consideration.                                                                                      
 W is the load per meter of lane (in kN); values of this load 
per                linear meter of notional lane are given in Fig. 
(2.1). 
 
2.2.1.1.2    NOMINAL KNIFE EDGE LOAD (KEL) 
  The KEL per standard lane shall be taken as 120 kN. 
KEL is not intended to represent a heavy axle, but is merely a 
device to enable, when combined with UDL, the same 
uniformly distributed loading to be used to simulate the shearing 
and bending effects of actual vehicle loading. 
 
2.2.1.1.3    SINGLE NOMINAL WHEEL LOAD 
ALTERNATIVE TO UDL AND KEL 
  One 100 KN wheel, placed on the carriageway and 
uniformly distributed over a circular contact area assuming an 
effective pressure of 1.1 N/mm2 (i.e., 340mm diameter), shall be 
considered. Alternatively, a square contact area may be 
assumed, using the same effective pressure (i.e.300mm side). 
 
2.2.1.1.4    DISTRIBUTION AND DISPERSAL OF HA  
LOADING 
 UDL and KEL shall be taken to occupy one notional lane, 
uniformly distributed over the full width of the lane. No 
allowance for the dispersal of the UDL and KEL shall be made. 
For the single nominal wheel load, the dispersal is at a spread-
to-depth ratio of 1 horizontally to 2 vertically through asphalt 
and similar surfacing may assumed, where it is considered that 
this may take place. Dispersal through structural concrete slabs 
may be taken at a spread-to-depth ratio of 1 horizontally to 1 
vertically down to the neutral axis. 
Where HA loading is coexistent with HB loading γf l in 
Table (2.1), as specified in 2.2.1.2, Shall be applied to HA 
loading and γf l in Table (2.2) shall be applied to HB loading. 
Where 
γf l  Is a partial load factor = γf 1 × γf 2  
γf 1 Takes account of the possibility of unfavorable deviation of 
the loads 
       from their nominal values.   
γf 2 Takes account of the reduced probability that various 
loadings  
        acting together will all attain their nominal values 
simultaneously. 
Combination 1  for highway and foot/cycle track bridges, the 
loads to    be considered are dead and live leads.                    
Combination 2  For all bridges, the loads to be considered are 
dead, 
 live, wind , and erection loads. 
 Combination 3  for all bridges, the loads to be considered are 
the loads    in combination1 together with those 
arising from     restraint due to the effects of 
temperature range and    difference, and, where 
erection is being considered,    temporary erection 
loads.  
 
 In considering the impact effect of vehicles on highway 
bridges an allowance of 25% on one axle or pair of adjacent 
wheels was made in deriving HA loading. This is considered an 
adequate allowance in conditions such as prevailed in Great 
Britain.   
 
2.2.1.2   TYPE HB LOADING 
      HB loading requirements derived from the nature of 
exceptional industrial loads likely to use the roads in the area. 
For all public highway bridges in Great Britain, the minimum 
number of units of type HB loading that shall normally be 
considered is 25, but this number may be increased up to 45 so 
directed by the appropriate authority. 
Fig. (2.2) shows the plan and axle arrangement for one 
unit of nominal HB loading. One unit shall be taken as equal to 
10kn per axle (i.e.2.5kN per wheel). The overall length of the 
HB vehicle shall be taken as 10,15,20,25 or 30m for inner axle 
spacing of 6,11,16,21 or 26m respectively, and the effects of the 
most severe of these cases shall be adopted. The overall width 
shall be taken as 3.5m.    
 Nominal HB wheel loads shall be assumed to be uniformly 
distributed over a circular contact area, assuming an effective 
pressure of 1.1N/mm2. Alternatively, square contact area may be 
assumed, using the same effective pressure. 
 Dispersal of HB wheel loads at a spread-to-depth ratio of 1 
horizontally to 2 vertically through asphalt and similar surfacing 
may be assumed, where it is considered that this may take place. 
Dispersal through structural concrete slabs may be taken at a 
spread-to-depth ratio of 1 horizontally to 1 vertically down to 
the neutral axis. 
 
2.2.2   APPLICATION OF TYPES HA AND HB LOADING 
     The structure and its elements shall be designed to resist 
the more sever effects of either: 
( i ) Design HA loading, or 
( ii ) Design HA loading combined with design HB loading. 
 
2.2.2.1   TYPE HA LOADING 
      Type HA, UDL and KEL loads, shall be applied to two 
notional lanes in the appropriate parts of the influence line for 
the element or member under consideration and one-third type 
HA UDL and KEL loads shall be similarly applied to all other 
notional lanes except where other-wise specified by the by the 
appropriate authority. The KEL shall be applied at one point 
only in the loaded length of each notional lane. The load per 
meter is always obtained by dividing by the notional lane width. 
The KEL load shall be taken as acting as follows: 
( i ) On plates, right slabs and skew slabs spanning or 
cantilevering longitudinally or spanning transversely: in a 
direction parallel to the supporting members or at right 
angles to the unsupported edges, whichever has the most 
severe effect. Where the element spans transversely, the 
KEL shall be considered as acting in a single line made up 
of portions having the same length as the width of the 
nominal lanes. 
( ii ) On longitudinal members and stringers: in a direction 
parallel to the support. 
( iii ) On piers, abutments and other members supporting the 
super structure: in a direction in line with the bearing. 
( iv ) On cross members, including transverse cantilever 
brackets: in a direction in line with the span of the member. 
 The HA wheel load is applied to members supporting 
small areas of roadway where the portion of UDL and LEL that 
would otherwise be allocated to it is small. The wheel load is 
applied any where on the carriageway. 
 
2.2.2.2   TYPES HB AND HA LOADING COMBINED  
      Types HB and HA loading shall be combined and 
applied as specified in (a) and (b) or as shown in Fig. (2.3). 
(a) Type HB loading: 
 Type HB loading shall be taken to occupy any transverse 
position on the carriageway, and in so doing will lie either 
wholly within one national lane or will straddle two national 
lanes. No other primary live loading shall be considered for 25m 
in front of, to 25m behind, the HB vehicle in the one lane 
occupied by the HB vehicle when it is wholly in one lane or in 
the two lanes when the HB vehicle is straddling them. 
Only one HB load is required to be considered on any one 
superstructure or on any substructure supporting two or more 
superstructure. 
 
 
 
(b) Associated type HA loading: 
 Where the HB vehicle is wholly within one lane, the 
remainder of the loaded length of this lane shall be loaded with 
full HA UDL only. Full HA loading shall be considered in one 
other notional lane, together with one-third HA loading in the 
remaining lanes. 
Where the HB vehicle straddles two lanes, the following 
alternatives for associated HA highway loading shall be 
considered: 
Either: 
( i ) The remainder of the loaded length of both straddled 
lanes shall be loaded with full HA UDL only, all other lanes 
shall be loaded with one-third HA loading. 
( ii ) The remainder of the loaded length of one straddled 
lanes shall be loaded with full HA UDL only and the 
remainder of the loaded length of the other straddled lane 
shall be loaded with one–third HA UDL only. Full HA 
loading shall be considered in one other national lane, 
together with one-third HA loading in the remaining lanes. 
 
2.3    U.S.A HIGHWAY LOADS 
In this country there are several editions of bridge design 
specifications, which have been developed during the past years, 
but here we will discuss only the AASHTO 1992 and AASHTO 
1998. 
 
2.3.1  AASHTO 1992 (5) 
 AASHTO specifications for live load are for spans not 
greater than 500 feet. The following definitions are used in 
this specification:  
Axle: The common axis of rotation of one or more wheels 
whether   power-driven or freely rotating, and whether in 
one or more   segments, and regardless of the number of 
wheels carried thereon. 
Axle group: An assemblage of two or more consecutive 
axles considered   together in determining their 
combining load effect on    abridge or pavement 
structure. 
Gross weight: The weight of a vehicle and/or combination of 
vehicles       plus the weight of any load thereon. 
Semitrailer:  Every single vehicle without motive power 
designed for    carrying property and so designed in 
conjunction and used   with a motor vehicle that some part 
of its own weight and   that of its own load rests or is 
carried by another vehicle and   having one or more load-
carrying axles. 
Single axle: An assembly of two or more wheels whose centers 
are in one   transverse vertical plane or may be included 
between two   parallel transverse planes 40 in. apart 
extending across the   full width of the vehicle.  
Tandem axle: Any two axles whose centers are more than 40 in. 
but not     more than 96 in. apart and are individually 
attached to or     articulated from, or both, a common 
attachment to the     vehicle including a 
connecting mechanism designed to     equalize the 
load between axles. 
Tridum axle: Any three consecutive axles whose extreme 
centers are                                  not more than 144 in. a 
part and are individually attached      to or articulated 
from, or both, a common attachment to the      vehicle 
including a connecting mechanism designed to       
equalized the load between axles.     
Trailer: Every single vehicle without motive power designed for 
carrying     property wholly on its own structure, drawn by a 
motor vehicle     which carries on part of the weight and load 
of the trailer on its     own wheels and having two or more 
load- carrying axles. 
Truck: A single unit motor vehicle used primarily for the  
     transportation of property. 
Truck tractor: A motor vehicle used primarily for drawing other 
     vehicles and not so constructed as to carry a 
load other      than apart of the weight of the vehicle 
and load so      drawn. 
 
2.3.1.1 AASHTO HIGHWAY LIVE LOADS 
 AASHTO highway live loads consist of either: 
( i ) Design truck loading, or 
( ii ) Design lane loading, or 
( iii ) Alternate military loading 
 
2.3.1.1.1 HISTORICAL BACKGROUND 
 From a historical perspective, the first live-load producer 
for highway bridges was proposed and used by Squire Whipple 
in 1846. In this Essay No.2, he regarded it"proper to consider the 
model area of the roadway covered with men, which is about 
100 lb to the square foot, as the greatest load to which the bridge 
can be exposed”, and this standard continued to be in use for 
many years. However, after many bridge failures, the American 
Society of Civil Engineering created a committee to determine” 
the most practical means of a averting bridge accidents.” This 
committee, in its March3, 1875,report, made recommendations 
for both the railroad and highway bridge loadings. It divided 
highway bridges into the following: 
A- City suburban bridges and those over large rivers, where 
great concentration of weight is possible. 
B- Highway bridges in manufacturing districts or on level, well-
ballasted roads. 
C- Country road bridges, where roads are umbellate and the 
loads hauled are consequently light.  
Design loads for these bridges are shown in Table (2.3). 
 In 1895 Phoenix Bridge Company issued standard 
specifications of the Phoenix Bridge Company for Steel and 
Iron Railway and Highway Structures in which a road roller 
weighing 16 tons was specified with this configuration: 6 tons 
concentrated on two front rolls spaced 2 ft.6 in. center-to-center, 
10 tons on the rear rolls spaced 6ft. center-to-center, axles 
spaced 11ft. center-to-center. The Canadian Department of 
Railways and Canals-issue in 1896 the General Specifications 
for Steel and Iron Bridges and Viaducts:” Road roller of 32,000 
pounds weight distributed as follows: on forward axle 16,000 
pounds on wheel 4ft.2in. in wide, on rear axle 11ft.2in.from 
forward axle 8,000 pounds on each of two wheels, spaced 
5ft.8in. centers, and 20in. wide”. 
 The first series effort to quantify highway live loads was 
made by the U.S. Department of Agriculture, Office of Public 
Roads In august 1913:Typical specifications for the fabrication 
and Erection of Steel Highway Bridges. In it a provision was 
made for a 15-ton road roller loading in the computation of live 
load stresses. 
 In the 1927 specifications for highway bridges, the 
conference committee representing AASHTO and AREA 
introduced the truck train, a heavy truck preceded and followed 
by trucks having three-fourths of its weight, show in Fig. (2.4). 
The system of truck train loadings was supersede in 1941 by 
equivalent lane loading, which was first used as an optional 
loading in the 1931, when the first edition of AASHTO was 
issued, AASHTO bridge specifications. 
 
 2.3.1.1.2 CLASSIFICATIONS OF HIGHWAY LIVE 
LOADS 
(a) Legal loads: 
 The weights of all vehicles are assumed to be concentrated on the 
wheels and are transmitted through them to the axles. Fig. (2.5) shows 
silhouettes of most basic vehicle types in use. S=semitrailer.  Digit 
following S indicates the number of axles on the semitrailer. Any digit 
other than the first in a combination, when not preceded by an S, 
indicates a trailer and the number of axles. 
 The maximum permissible weights , according to 
AASHTO 1992, for wheels and axles and their sizes are as 
follows: 
( i ) Single-axle weight: The total gross weight imposed on 
the highway by the wheels of any single axle of a vehicle is 
limited to 20 kips, including any and all weight tolerance. 
( ii ) Tandem-axle weight: The total gross weight imposed on 
the highway by a tandem axle shall not exceed 34 kips, 
including any and all tolerance. 
( iii ) Maximum permissible axle group weight: The total 
gross weight imposed on the highway by any group of two 
or more consecutive axles on a vehicle or combination of 
vehicles should not exceed the value given in the following 
equation: 
              W=   500  LN   + 12N + 36                                                
(2.2) 
                               N-1 
 
Where  
W=Maximum weight, in pounds, carried on any group of two or more vehicles, computed on the nearest 500 
pounds. 
            L= Distance, in feet, rounded of to the nearest foot, 
between the  
                  extremes of any group of two or more consecutive 
axles. 
            N= Number of axles in the group under consideration. 
The development of the previous equation is based on the 
premise that the actual stresses must not exceed the allowable 
design stresses for bridges designed for HS20 and HS15 
trucks by more than 5 percent and 30 percent respectively. 
( iv ) Maximum permissible vehicle gross weight: The total 
gross weight imposed on the highway by a vehicle or a 
combination of vehicles with two or more consecutive axles 
is to be determined by the a application of the maximum 
permissible axle group weights, with one exception: two 
consecutive sets of tandem axles may carry a gross load of 
34 kips each, provided the overall distance between the first 
and the last axles of such consecutive sets of tandem axles is 
36 feet or more. 
( v ) Maximum sizes: 
i Maximum height: 13 ft.6 in. 
ii Maximum overall length of a single 
truck: 40 ft. 
iii Maximum overall length of a single 
two-axle or three-axle bus: 40 ft. 
iv Maximum overall length of a 
semitrailer: 53 ft. 
  (b) Design loads: 
 In the United States, for designing purposes, the design 
vehicular live loads are divided into three categories: 
( i ) Design truck loading. 
( ii ) Design lane loading. 
( iii ) Alternate military (or design tandem) loading. 
Design truck loading. Two systems of loading are provided: 
The H loading and the heavier HS loading (the letter “S” refers 
to semitrailer). In each case, there are two standard classes of 
loadings, which are designated as follows: 
( i ) H 15-44 and H 20-44 
( ii ) HS 15-44 and HS 20-44 
 In these designations, the number 44 refers to the fact that 
these loading were standardized and first published in the 1944 
AASHO specifications. 
 The H loadings, as in Fig. (2.6), consist of a two-axle 
truck; the numbers 15 and 20 in the loading classification refer 
to the gross truck weight in tons (1 ton = 2000 lb). The HS 
loadings, as in Fig. (2.7), consist of a tractor truck with 
semitrailer, the numbers following the letters “HS” indicate the 
total load in tons carried by the axles of the tractor.  
 The old versions of AASHTO Specifications specified 
smaller loading also, H10 and HS10 loading, with loads one-
half as much as the corresponding H20 and HS20 loading. 
However, in recent years, these loadings have been deleted. It is 
pointed out here that some agencies design their bridges for 
HS25 trucks, which are simply assumed to have axle loads 25 
percent heavier than those of HS20 trucks. 
Design lane loading. Lane loading, as in Fig. (2.8), was 
developed to better model loading on long spans. Lane loading 
also has two classes of loadings, and in each class two different 
loadings are provided. These loadings are designated in the 
same manner as the truck loadings (namely, H15-44, HS15-44, 
H20-44, HS20-44). Basically, the lane load consists of a 
uniform load accompanied by a concentrated load. Both the 
concentrated and the uniform loads specified for lane loading 
are assumed to be distributed over 10-ft.width normal to the 
centerline of the lane.   
Alternate military (or design tandem) loading. This loading 
originated to provide load carrying capacity for certain heavy 
military vehicles. It is applicable to certain bridges in the state 
highway systems. The alternate bridge loading, as in Fig. (2.9), 
consists of two axles spaced 4ft.a part with each axle carrying 
24 kips. 
 AASHTO 1992 specifies that this alternate loading, or the 
HS20-44 loading, which ever produces the greater stress, be 
considered as the minimum design loading for highway bridges.    
 
2.3.1.2 SELECTION AND APPLICATION OF BRIDGE 
LIVE LOAD FOR DESIGN   
      Since bridges carry multiple lanes of traffic and since 
several vehicles may occupy several traffic lanes on abridge 
simultaneously, it is important to understand the placement of 
bridge loadings on a deck that will result in the greatest stress in 
the supporting members. With this perspective in mind, the 
following should be remembered: 
( i ) The lane loading or standard truck is assumed to occupy 
a width of 10ft. 
( ii ) The standard truck lane loads are to be placed in 12ft.-
wide design traffic lanes, spaced across the entire bridge 
roadway width measured between curbs. 
( iii ) The number of design lanes should be determined by 
taking the integer part of the ratio w/12, where w is the clear 
roadway width, in feet, between the curbs and /or berries. 
( iv ) In computing stresses, each 10-foot lane load or single 
standard truck is to be used as a unit, and fractions of lane 
load widths or trucks should not be used. 
( v ) The traffic lanes should be placed in such numbers and 
positions on the roadway, and the loads should be placed in 
such positions within their individual traffic lanes, that their 
effect will be to produce maximum stresses in the member 
under consideration. 
( vi ) The preceding implies that, for simple-span bridges, the 
entire length of the bridge should be loaded with the lane 
load to calculate moments and shears in the supporting 
member. However, if truck loading is to be used, only one 
truck per lane (H or HS) can be placed on the entire span, 
regardless of its length. While the truck loading may govern 
the design of some components in a given bridge, that of 
others in the same bridge may be governed by the lane 
loading. 
( vii ) When continuous span are involved in design, the 
loading as previously described needs to be modified to 
determine the maximum negative moments. For maximum 
positive moment, only one concentrated load per lane need 
be placed, along with the uniform load (or only one standard 
truck, in the case of standard truck loading), combined with 
as many spans loaded uniformly as are required to produce 
maximum moment. For maximum negative moment, a 
second, equal weight concentrated load is placed in the 
adjacent span in the series in such position that it will result 
in producing the maximum effect. Fig. (2.10) shows the 
positions of various loads in appropriate spans for 
maximum positive and negative moments. 
 
2.3.1.3   IMPACT: 
      The interaction of moving loads and the bridge 
superstructure results in dynamic amplification of the moving 
loads, resulting in vibrations and increased stresses. This 
dynamic response is considered in design, according to 
AASHTO Specifications (AASHTO, 1992), by ascribing impact 
factor (I), in terms of the static equivalent of dynamic and 
vibratory effects. 
 The dynamic effect of moving loads is described 
mathematically in equations (2.3.a), (2.3.b), and (2.3.c) as 
follows: 
Dynamic response = impact factor × maximum static response       
(2.3.a) 
Total response = (1+I)× maximum static response.                         (2.3.b) 
 Current bridge design practice is to use an empirical impact factor 
that varies only with span. AASHTO specifies that the dynamic effects of 
moving loads be expressed as a fraction of the live loads according to the 
following empirical formula: 
                                               I =     50                                             
(2.3.c) 
                                                    L+125            
Where I = Impact factor (maximum 30 percent or 0.3). 
            L = Length, in feet, of the portion of the span that is 
loaded           
                   to produce the maximum stress in the member. 
The loaded length, L, is defined as follows: 
( i ) For roadway floor: the design span length. 
( ii ) For transverse member, such as floor beams: the span of 
the member from center to center of supports. 
( iii ) For computing truck load moments: the span length, or 
for cantilever arms, the length of the loaded portion of the 
span from the moment center to the farthest axle. 
( iv ) For shear due to truck loads: the length of the loaded 
portion of span from the point under consideration to the far 
reaction; for cantilever arms, use a 30-percent impact factor. 
( v ) For continuous spans: the length of span under 
consideration for positive moment, and the average of two 
adjacent loaded spans for negative moment. 
 
2.3.2   AASHTO 1998  
2.3.2.1  CODE CALIBRATION PROCEDURE (2) 
     The calibration of new load and resistance factor design 
(LRFD) bridge codes in the United States and Canada based on 
a probabilistic approach. This work was formulated including 
the following steps: 
( i ) Selection of representative bridges: Representative 
structures were selected from various geographical regions 
of the United States (AASHTO) and the province of Ontario 
(OHBDC). These structures cover materials, types and 
spans, which are characteristic for the region. Emphasis is 
placed on current and future trends, rather than very old 
bridges. For each selected bridge, load effects (moments, 
shears, tensions and compressions) are calculated for 
various components. Load carrying capacities are also 
evaluated. 
( ii ) Establishing the statistical database for load and 
resistance parameters: The available data on load 
components, including results of surveys and other 
measurements, is gathered. Truck survey and weigh-in-
motion (WIM) data are used for modelling live load. There 
is little field data available for dynamic load; therefore a 
numerical procedure is developed for simulation of the 
dynamic bridge behaviour. Statistical data for resistance 
include material tests, component tests and field 
measurements. Numerical procedures are developed for 
simulation of behaviour of large structural components and 
systems. 
( iii ) Development of load and resistance models: Loads and 
resistance are treated as random variables. Their variation is 
described by cumulative distribution functions (CDF) and 
correlations. For loads, the CDFs are derived using the 
available statistical database (step (b)). Live load models 
include multiple presence of trucks in one lane and in 
adjacent lanes. Multi-lane reduction factors are calculated 
for wider bridges. Dynamic load is modelled for single 
trucks and two trucks side-by-side. Resistance models are 
developed for girder bridges. The variation of the ultimate 
strength is determined by simulations. System reliability 
methods are used to quantify the degree of redundancy. 
( iv ) Development of the reliability analysis procedure: 
Structural performance is measured in terms of the 
reliability, or probability of failure. Limit states are defined 
as mathematical formulas describing the state (safe or 
failure). Reliability is measured in terms of the reliability 
index, β. Reliability index is calculated using an iterative 
procedure. The developed load and resistance models (step 
(c)) are part of the reliability analysis procedure. 
( v ) Selection of the target reliability index: Reliability 
indices are calculated for a wide spectrum of bridges 
designed according to the previous edition of AASHTO and 
OHBDC. The performance of existing bridges is evaluated 
to determine whether their reliability level is adequate. The 
target reliability index, βT, is selected to provide a 
consistent and uniform safety margin for all elements of the 
structures. 
( vi ) Calculation of load and resistance factors: Load 
factors,γ, are calculated so that the factored load has a 
predetermined probability of being exceeded. Resistance 
factors, ∅, are calculated so that the structural reliability is 
close to the target value βT. 
 
2.3.2.2  LIVE LOAD STUDY RESULTS (1) 
     The live load model, consisting of either a truck or tandem 
coincident with a uniformly distributed load, was developed as a notional 
representation of shear and moment produced by a group of vehicles 
routinely permitted on highways of various states under “grandfather” 
exclusions to weight laws. The load model is called “notional” because it 
is not intended to represent any particular truck. 
 The moment and shear effects were subsequently 
compared to the results of truck weight studies. These 
subsequence comparisons showed that the notional load could 
be scaled by appropriate load factors to be representative of 
these other load spectra. 
 The following nomenclature applies to Figures (2.11) 
through (2.16), which show results of live load studies involving 
two equal continuous spans or simple span: 
M POS 0.4L  = Positive moment at 0.4 point in either span. 
M NEG 0.4L = Negative moment at 0.4 point in either span. 
M SUPPORT= Moment at interior support. 
Vab               = Shear adjacent to either exterior support. 
Vba               = Shear adjacent to interior support. 
Mss               = Midspan moment in a simply supported span.  
 The “span” is the length of the simple-span or of one of 
each of the two continuous spans. The comparison is in the form 
of ratios of the load effects produced in either simple-span or 
two-span continuous girders. A ratio greater than 1.0 indicates 
that one or more of the exclusion vehicles produce a large load 
effect than the HS20 loading. 
 Figures (2.11) and (2.12) show moment and shear 
comparisons between the envelope of effects caused by 22 truck 
conFigurations chosen to be representative of the exclusion 
vehicles and the HS20 loading, either the HS20 truck or the lane 
load, or the interstate load consisting of two 110000 N tandem 
axles 1200mm apart, as used in previous editions of the 
AASHTO Standard Specifications. In the case of negative 
moment at an interior support, the results presented are based on 
two identical exclusion vehicles in tandem and separated by at 
least 1500mm. 
   Figures (2.13) and (2.14) show comparisons between the 
force effects produced by a single exclusion truck per lane and 
the national load model, except for negative moment, where the 
tandem exclusion vehicles were used. Compared with Figures 
(2.11) and (2.12) the range of ratios can be seen as more closely 
grouped: 
( i ) Over the span range. 
( ii ) Both for shear and moment, and 
( iii ) Both for simple-span and continuous spans. 
 The amplification of close grouping is that the notional 
load model with a single-load factor has general applicability. 
  Figures (2.15) and (2.16) show the ratios of force effects 
produced by the notional load model and the greatest of the 
HS20 truck or lane loading, or Alternate Military Loading. It 
should be noted that the total design force effect is also a 
function of load factor, load modifier, load distribution, and 
dynamic load allowance. 
  
2.3.2.3  VEHICULAR LIVE LOADING (HL-93) (1) 
     Vehicular live loading on the roadways of bridges or 
incidental structures, designated HL-93, shall consist of a 
combination of the: 
( i ) Design truck or design tandem, and 
( ii ) Design lane load. 
 Each design lane under consideration shall be occupied by 
either the design truck or tandem, coincident with the lane load, 
where applicable. The loads shall be assumed to occupy 300mm 
transversely within a design lane. 
 Consideration should be given to site-specific 
modifications to the design truck, design tandem, and/or the 
design lane load under the following conditions: 
( i ) The legal load of a given jurisdiction is significantly 
greater than typical; 
( ii ) The roadway is expected to carry unusually high 
percentage of truck traffic. 
( iii ) Flow control, such as a stop sign, traffic signal, or tool 
both, causes trucks to collect on certain areas of a bridge or 
to not be interrupted by light traffic; or 
( iv ) Special industrial loads are common due to the location 
of the bridge. 
 
2.3.2.3.1  DESIGN TRUCK (1) 
        The weights and spacing of axle and wheels for the 
design truck shall be as specified in Fig. (2.17). The spacing 
between the two 145000N axles shall be varied between 4300 
and 900mm to produce extreme force effects. A dynamic load 
allowance should be considered. 
 
2.3.2.3.2   DESIGN TANDEM (1) 
         The design tandem shall consist of a pair of 110 000N axles 
spaced 1200mm apart. The transverse spacing of wheels shall be taken as 
1800mm. A dynamic load allowance shall be considered. 
 
2.3.2.3.3  DESIGN LANE LOAD (1) 
        The design lane load shall consist of a load of 
9.3N/mm, uniformly distributed in the longitudinal direction. 
Transversely, the design lane load shall be assumed to be 
uniformly distributed over a 300mm width. The force effects 
from the design lane load shall not be subject to a dynamic load 
allowance. 
 The tire contact area of a wheel consisting of one or two 
tires shall be assumed to be a single rectangle, whose width is 
510mm and whose length in mm shall be taken as: 
L = 2.28 ×10-3Y   1+ IM  P                                   
(2.4) 
                                                      100 
Where   Y=  Load factor specified in Table 1 in the code and 
should be that specified for the limit state under 
consideration. 
    IM= Dynamic load allowance percent. 
               P= 72500N for the design truck and 5500N for the 
design tandem. 
   The tire pressure shall be assumed to be uniformly over 
the contact area. The tire pressure shall be assume to be 
distributed as follows: 
( i ) On continuous surfaces, uniformly over the specified 
contact area, and 
( ii ) On interrupted surfaces, uniformly over the actual 
contact area within the footprint with the pressure increased 
in the ratio the specified to actual contact areas. 
 Where the depth of fill is less than 600mm, the effect of 
the fill on the distribution of live load shall be neglected, where 
the depth of fill exceeds 600mm, wheel loads may be considered 
to be uniformly distributed over a rectangular area with sides 
equal to the dimension of the tire contact area, as specified 
above, and increased by either 1.15 times the depth of the fill in 
selected granular backfill, or the depth of the fill in all other 
cases. 
 
2.3.2.4 APPLICATION OF DESIGN VIHICULAR LIVE 
LOADS (1)  
The extreme force effect shall be taken as the larger of 
the following: 
( i ) The effect of the design tandem combined with the 
effect of the design lane load, or 
( ii ) The effect of one design truck with the variable axle 
spacing as specified, combined with the effect of the design 
lane load, and 
( iii ) For both negative moment between points of contra 
flexure under a uniform load on all spans, and reaction at 
interior piers only, 90 percent of the effect of two design 
trucks spaced a minimum of 1500mm between the lead axle 
of one truck and the rear axle of the other truck, combined 
with 90 percent of the effect of the design lane load. The 
distance between the 145000N axles of each truck shall be 
taken as 4300mm. 
  Axles that do not contribute to the extreme force effect 
under consideration shall be neglected. 
 Both the design lanes and the 3000mm loaded width in 
each lane shall be positioned to produce extreme force effects. 
The design truck or tandem shall be positioned transversely such 
that the center of any wheel load is not closer than: 
( i ) For the design of deck overhang-300mm from the face 
of the curb or railing, and 
( ii ) For the design of all other components-600mm from the 
edge of the design lane. 
 Unless otherwise specified, the lengths of design lanes, or 
parts thereof, that contribute to the extreme force effect under 
consideration, shall be loaded with the design lane load. 
 
2.3.2.5  DYNAMIC LOAD ALLOWANCE (IM) (1) 
      The static effects of the design truck or tandem, other than 
centrifugal and braking forces, shall be increased by the percentage 
specified in Table (2.4) for dynamic allowance. 
The factor to be applied to the static load shall be taken 
as:(1+IM/100). 
The dynamic load allowance shall not be applied to pedestrian 
loads or to the design lane load. 
 
2.4   INDIA (3) 
 The present standard of live loads for road bridges is called Indian 
Roads Congress specification and is designed IRC. 
 
2.4.1  LIVE LOAD CLASSIFICATION 
   Live load according to IRC is classified to: 
 (I) IRC class “AA” loading: 
 This is to be adopted for bridges located within certain 
specified municipal localities and along specified highways. 
Normally, all structures on national and state highways are 
designed for these loadings. Class “AA” loading comprises a 
tracked vehicle of 70 tones to dimensions and track / axle 
spacing as shown in Fig. (2.18).   
(II) IRC class  “A” loading: 
 This is adopted on all roads on which permanent bridges 
and Culverts are constructed. It Consists of a wheel load train 
comprising a driving vehicle and two trailers of specified axle 
loadings varying from 2.7 to 11.4 tones and spacing, as shown 
in Fig. (2.19) and is to be considered as one set for each lane. 
(III) IRC class “B” loading:  
 This intended for temporary Structures, timber bridges and 
bridges in specified areas. The vehicle and wheel arrangements 
of class B loading, as shown in Fig. (2.19), with respect to 
spacing and centers are similar to those of class A   but axle 
loads vary from 1.6 to 6.8 tones.  
 Any rational method can be used for calculation the 
bending moment or shear caused but the worst disposition on 
the bridge structure. 
 
2.4.2  IMPACT ALLOWANCE 
  The impact allowance is expressed as a fraction or 
percentage of the applied live load over and above the respective 
load as shown in Fig. (2.20). It is computed as follows: 
a. For class “ AA” loading and class 70 R loading:  
(i)For spans less than 9 meters. 
    For tracked vehicles  25 percent for spans up to 5 m 
linearly reducing  
    to 10 percent for spans of 9 m.  
     For wheeled vehicle  25 percent.  
(ii)For spans of 9 meters or more.  
     For tracked vehicle. 
     For RC bridges   10 percent up to a span of 40m and 
in  
    accordance with the graph in Figure 20 
for spans     exceeding 40 m for RC/PSC 
bridges.  
    For Steel bridges  10 percent for all spans.  
    For wheeled vehicles.  
    For RC/PSC bridges  25 percent for span up to 12 meters 
and in  
    accordance with Figure 20 for spans 
exceeding  
    12m.  
    For steel bridges  25 percent for span up to 23 meters 
as in Figure     20 for spans exceeding to 23 
meters.  
b. For class “A” or class “B” loading: 
                                              I =   X                                              
(2.5) 
                                                         Y + L  
Where  I = impact factor fraction . 
   X= Constant of value 4.5 for R.C bridges and 9.0 for  
  steel bridges.  
   Y = Constant of value 6.0 for R.C bridges and 13.5      
  for steel bridges.  
    L = Effective span in meters (3m < L < 45 m)  
 
2.5  REPORT OF THE COMMITTEE OF 
IMPLEMENTATION OF THE LAW OF ROAD 
PRTECTION AND LOAD LIMITAIONS (7) 
 Sudan has no special specifications for design and 
construction of highways until 1999, when the National 
Highway and bridge authority issued the Sudanese 
recommendations which dose not differ from the specifications 
used before, thus all highways in Sudan are designed by 
consultancy companies according to: 
( i ) The technical consultant reports for major national 
highway projects. 
( ii ) British specifications. 
( iii ) American specifications. 
( iv ) Consultancy companies experience in highway design 
in some African countries. 
 Highways in Sudan are divided into three groups:  
( i ) National highways: hot mix highways 
( ii ) Secondary highways: cold mix highways           
( iii ) Rural roads. 
 
2.5.1  HIGHWAY CONSTRUCTION DESIGN FACTORS 
( i ) C.B.R, California Bearing Ratio that is an indication of 
load capacity of ground layers. 
( ii ) E.S.A.L, Equivalent single –axle load factor, is a factor 
which convert one pass of any single – or tandem- axle load 
to equivalent passes of an 8.16 ton axle load.  
          E.S.A.L =  Axle load in tons   4.55                                              ( 2.6) 
                            8.16 
( iii ) Axle loads: 
Axle loads are based on the asphalt and axle types 
as shown in Table (2.5). 
 
 2.5.2 AXLE LOAD LIMITATIONS IN THE COMESA 
HARMONIZATION, SUDAN, AND ETHIOPIA  
   Axle load limitations in the COMESA harmonization, 
Sudan, and Ethiopia are shown in Table (2.6). The common axle 
configuration and load distribution for the Ethiopian practice are 
shown in Fig. (2.21).   
 
2.5.3  GROSS WEIGHT LIMITATIONS 
  According to the recommendations of the Committee of 
Implement the Law of Road Protection and Execute the 
Performance of Load Limitations, the allowable vehicles 
weights are shown in Table(2.7). Vehicles, which carry petrol 
and all kinds of liquids, are excepted from these limitations until 
the end of the 4th year, and then the load limitations will apply to 
these vehicles.  
 The National Highway Authority made survey in Madani / 
Khartoum and Madani / Elgdarif highways to count heavy 
trucks, which have role of deteriorations of highways. After 
analyzing this data they found: 
( i ) Maximum axle load in the front axle is not greater than 
8 ton. 
( ii ) The single –axle load of 8.16 ton was chosen by NHA 
with E.S.A.L of unity. 
( iii ) Due to the shortage of tools, which weight every single 
axle individually, they divide the remaining weight over the 
whole axles of the truck equally. According to this 
information the allowable axle load limitations were 
computed.  
 
Table (2.1) γf l for Design HA Load Considered Alone 
 
 
 
 
Table (2.2) γf l for Design HB Load. 
 
Combinations 
For ultimate 
limit state 
For serviceability limit 
state 
For combination1 1.3 1.1 
For combination1 
and 2 
1.1 1.0 
 
 
 
Table (2.3) Design Loads for Various Bridge Types (American Society of Civil Engineering’s committee , March 3.1875). 
 
 
Length of 
span 
Loads per square foot 
A            B                C 
Combinations 
For the ultimate 
limit state 
For the serviceability 
limit state 
For combination 1. 1.5 1.2 
For combination 2 
and 3  
1.25 1 
60ft.and 
under 
100 100 70 
60 to 100 ft. 90 75 60 
100 to 200 
ft. 
75 60 50 
200 to 400 
ft. 
60 50 40 
 
 
Table (2.4) Dynamic Load Allowance, IM ( AASHTO 1998).  
 
 
 
 
 
Table (2.5) Axle loads for various asphalt types (Sudanese Highway recommendations). 
 
Component IM 
Deck joint-All Limit States 
75
% 
All Other Components 
Fatigue and Fracture Limit 
State 
All Other Limit States 
 
15
% 
33
% 
  
 
 
 
 
Table  (2.6) Axle load limitations in the COMESA 
harmonization and 
Sudan. 
 
No
. 
Type of Axles 
COMES
A 
Suda
n 
1 Single axle with two 8 ton 10 
Single Axle 
10-14   ton for hot rolled 
highways 
Tandem Axle 
18-25 ton   for hot rolled 
highways 
Tridum Axle 
27-38 ton for hot rolled 
highways 
Single Axle 
8-10 ton for cold rolled 
highways 
Tandem Axle 
14-18 ton for cold rolled 
highways 
Tridum Axle 
22-27 ton for cold rolled 
highways 
wheels ton 
2 
Single axle with four 
wheels 
10 ton 
10 
ton 
3 Tandem axle 16 ton 
16 
ton 
4 Tridum axle 24 ton 
22 
ton 
 
Table (2.7) The allowable vehicle gross weights according to the law. 
Type of Vehicles In 1st. and 2nd. Years 
In 3rd. 
Year 
In 4th. 
Year 
 
 
26 24 22 
 
 
 34 32 29 
 39 36 33 
 47 44 40 
 
 
56 52 47 
Continue 
  
55 52 47 
 
 
64 60 54 
 
52 48 44 
 
 
 
60 56 51 
 
68 64 58 
 
 
76 72 65 
 
68 58 52 
 
77 72 65 
 
 
Continue 
  
97 92 83 
 
89 84 76 
 
98 94 85 
 
 
 
  
 
 
 
 
 
 
 
 
 
Fig. (2.1) Loading Curve for HA - UDL 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Fig. (2.2) Dimensions of HB Vehicle 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
Fig. (2.3) Type HA and HB Highway Loading in Combination 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. (2.4) AASHTO 1935 Specification Loading [ASCE, 1958]. 
 
 
 
 
 
 
 
  
 
 
Fig. (2.5) Typical Commercial Vehicle Types in Regular Operation as Designated by Code Based on Axle Arrangement 
[AASHTO, 1991a]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. (2.6) Standard H Truck Loading (AASHTO, 1992). 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. (2.7) Standard HS Truck Loading (AASHTO, 1992). 
Fig. (2.8) Standard H15, HS15, H20, and HS20 Lane Loading (AASHTO, 1992). 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. (2.9). Alternative Live Loading (AASHTO, 1992). 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. (2.11) Moment Ratios: Exclusion Vehicles to HS20 (Truck or Lane) or Two 110 000 N Axles at 1200mm 
 
 
 
 
 
 
 
 
 
 
Fig. (2.10) Loading on Continues Spans for Maximum Positive and Negative Moments (CALTRANS, 1992) 
Fig. (2.12) Shear Ratios: Exclusion Vehicles to HS20 (Truck or Lane) or Two 110 000 N Axles at 1200mm 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. (2.13) Moment Ratios: Exclusion Vehicles to Notional 
Model
Fig. (2.14) Shear Ratios: Exclusion Vehicles to Notional Model. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. (2.15) Moment Ratios: Notional Model to HS20 (Truck or Lane) or Two 110 000 N Axles at 1200mm. 
Fig. (2.16) Shear Ratios: National Model to HS20 (Ttruck and Lane) or Two 110 000 N Axles at 1200 mm. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. (2.17) Characteristics of the Design Truck. 
Fig. (2.18) IRC Class AA Loading. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. (2.19) IRC Class A and B Loadings. 
  
Fig.20. Impact Curves for Highway Bridges 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
Fig. (2.21) Common axle configuration and load distribution for the Ethiopian practice. 
 MATERIALS AND METHODS 
3.1    INTRODUCTION 
 Vehicular traffic in Sudan especially the multi-axle 
vehicles have grown in capacity during the past few years. 
Vehicles, with different axle configurations, are carrying huge 
loads having a great effect on highways and highway bridges. 
These loads have been taken into consideration in bridge design 
in many international bridge design codes. Due to the growth of 
these loads in Sudan, there is a need to study the magnitude and 
its effects on the concerned structures.   
 
3.2   DATA COLLECTION 
 Data is collected from Portsudan and Medani weighing 
stations. These stations were originally built by the NHA to 
limit the axle and gross weights of loaded trucks to the actual 
design limits. 
 Data collected from Portsudan consists of the owner 
company, the gross weight of loaded vehicles, and the date of 
leaving Portsudan. This data reflects the trucks traffic from 
Portsudan to the other parts in Sudan during one month. From 
this data one can classify trucks in Sudan as shown in Table 
(3.1). 
 Data from Madeni were collected so as to obtain the ratio by which 
the gross weight of all types of vehicles is distributed over their axles. 
Weighting machines in both Portsudan and Madeni are weighing the 
whole truck and give only the gross weight. This ratio was calculated in 
Table (4.1) by having three or more samples of loaded vehicles from each 
type every sample was weighted axle by axle to obtain the axle load. The 
summation of the axle loads gives the gross weight of the loaded vehicle. 
Every axle load had been divided by the gross weight to obtain the ratio 
of the gross weight carried by each axle. 
3.3    DATA ANALYSIS 
 Comparison between the stresses in a chosen structure 
resulting from standard loads given in international codes (i.e., 
British standard specification) and those resulting from local 
trucks is one of the objectives of this research. The stresses 
considered are those induced in simple support bridge girders 
because most bridges in Sudan are simply supported. The 
appropriate method to obtain these stresses is the Influence 
Lines Method, but using this method to calculate these stresses 
manually is very difficult and takes time. These stresses were 
obtained by using a ready software program called Pcbridge.(8)  
 Calculation of moments and shears effects resulting from loaded 
vehicles passing Portsudan station is based on a selection of a truck with 
the maximum gross weight and average axle spacing from each group to 
represent all types of trucks in Sudan.   
 Girders on a simply supported bridge are subjected to 
wheel loads. Loads on wheels with double tires are assumed to 
act on the mid-distance between the two tires. These loads are 
multiplied by factors that depend on the girder spacing. These 
factors were calculated by assuming the distance on the bridge 
deck slab between girders is simply supported beam and then 
calculate the reaction on each girder. This reaction is the ratio of 
the wheel load, which is carried by the girders. Wheels are 
changed in position on and between the girders until the 
maximum wheel loads carried by the girders are obtained. These 
loads were used in the stresses calculations. 
 
3.3.1  INFULUENCE LINES METHOD (6) 
  The analysis of structures under the action of live loads 
presents two major problems not encountered in connection with 
dead loads. First, the moving loads may have dynamic effect on 
the structure, tending to produce vibrations, shock, or other 
undesirable effects. Second, even the purely statically effect of a 
system of moving loads is continually changing owing to 
change in position of the loads, and it becomes necessary to 
consider the problem of how to place them on the structure in 
order to realize the most severe stresses. 
 The problem can greatly be simplified by the use of 
influence lines, which show graphically just how changing the 
position of a single load on a structure influences various 
significant quantities such as reactions, bending moments, 
shearing forces, and deflections. 
 For a simple supported beam, there are two major load 
effects we are interested to calculate: 
(I) Bending moment: 
 In calculating the bending moment, the problem is as a 
given system of loads moves across the span, what is the 
maximum bending moment that occurs in the beam and at what 
cross section does it occur? This particular cross section is 
called the dangerous section, and the maximum bending 
moment occurring there is called the absolute maximum 
bending moment. It is, of course, for the case of abeam of 
uniform cross section the bending moment that should be used 
as a basis for design.  
 Consider the more general case were we have a simple 
beam carrying a series of concentrated loads as shown in Fig. 
(3.1). Since all loads on the span produce positive bending 
moment at all sections, we can proceed at once to obtain an 
absolute maximum bending moment we should place as many 
heavy loads on the beam as possible. Then, for any assumed 
position of these loads, we know that the maximum bending 
moment will occur under that load where the shearing force in 
the beam changes sign. Let us assume in Fig. (3.1) that this load 
is Pi, and let R denote the resultant of all the loads on the span 
and x is distance from the support B. Also, let M denote the sum 
of moments of all loads to the left of Pi with respect to the point 
of application of Pi, and, finally, let a denote the distance 
between R and Pi as shown. With these notations, the bending 
moment under the load Pi can be expressed as follows: 
  
Mp = Rx ( L-x-a)  - M           
(3.1) 
                                L              
 We assume now that we can vary x slightly without any 
loads going on or off the span. Then, within these limits, 
dMp/dx can be regarded as a continues function of x. setting this 
derivative equal to zero, we find : 
 
      R  ( l-2x-a ) = 0 ,                     
(3.2) 
                                     L  
From which        L-x-a=x                   
(3.3) 
 This expression shows that Mp will be an absolute 
maximum when the load Pi and the resultant of all the loads on 
the span are equidistant from the ends of the beam. The 
foregoing conclusions can be summarized by the following 
criterion: The maximum bending moment in a simply supported 
beam under a series of concentrated loads occurs under that load 
where the shear changes sign and is an absolute maximum when 
the loads are so placed that the mid-point of the span bisects the 
distance a between this load and the resultant R of all the loads 
on the beam. 
(ii) Shear force: 
         To determine the maximum shearing force at specific 
section in the member, we must apply the following formula 
V =     Ra - Pn                                             
(3.4) 
Where       V  is the total change in the shearing force at the 
section  
                    Ra is the increase in the reaction at the support as 
the next  
                    load Pn+1 comes up to the section. 
                Pn is the load which cross the section under 
consideration  
                    before Pn+1. 
 When the previous formula change sign from positive to 
negative this indicate that the maximum shear force at the 
section occurs under the load Pn. 
When there is no loads enter or leave the span as shown in 
Fig.(3.2)    
                     
    Ra = Wa      thus        V=Wa -  Pn                                
(3.5) 
               L                            L               
Where W is the resultant of the loads   on the span. 
             a is the distance between Pn and Pn+1 
When there are loads leaves or enter the span as shown in 
Fig.(3.3)               
     Ra=Wa  -   P                
(3.6) 
             L                                                         
Where W is the resultant of the loads on the span (including 
those leave the span). 
